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the meeting will be devoted to a discussion of the competition 
between coal and petroleum, natural gas and water power. — 


I 
I 
i 


BRRS EES 


The Ermelo Torbanite as a Source of Oils in the Union of 
South Africa.* 


By M.Sc., Ph.D. 


InTRODUCTION 
A general description of all the known oil : 
deposits in the Union up to 1923 has been given by T. G. Trevor" ; j 
this article describes the characteristics of in the 
Middle Ecca beds, a few miles to the north of Ermelo. For the 
Gdiaverents idea of the disposition of the seam and the 
m of mining it, detailed account of the geology of the district 

; this is followed by an account of the chemistry of the 

» and its its products; and finally, basing calculations on 
data, the economic value of the deposit is summed up. 

Oil-shales have been found at intervals all along the escarpment 
of the Transvaal high-veld from the neighbourhood of Kinross 
southwards to the Natal border. They continue into the Newcastle, 
Paulpietersberg, and Utrecht districts, and into Impendhle in 
Natal. The shales occur in all horizons of the Karroo System from 
the top of the Middle Ecca in the Transvaal, to the White Band of . 
the Dwyka Series in the Orange Free State. 

Although the shales are very widely distributed, being found at 
distances as much as 500 miles apart, at present the most important 
known are in the Eastern Transvaal and Northern Natal. Absence 
of naturally occurring petroleum in the Union has given interest to 
all indigenous deposits of oil-shale, but this article, for the sake of 
brevity, is confined to the torbanite and allied deposits of the 
Ermelo coalfield. 
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GEOLOGY OF THE COUNTRY AROUND ERMELO. 


On the west, the Ermelo coalfield is bounded by the Witbank and 
Bethal coalfields, a line roughly delineated by the course of the Little 
Olifants river. To the north it extends approximately to the 
Komati river, flowing a little north of east to the Indian Ocean. 
Its eastern boundary is the edge of the Karroo formation (an 
irregular line stretching northwards from the neighbourhood of 
Amsterdam) beyond which the land surface is composed of more 


* Paper received Nov. 28th, 1930. 
1“ South African Journal of Industries,” 1923, p. 285, et seg. 
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ancient formations. Southwards the coalfield is joined with the 
Wakkerstroom-Piet Retief field across the Pongola river.* 

The geological structure of the country is relatively simple, and is 
illustrated by the section on the accompanying sketch map. On a 


Vertical greatly sanggeretes 
PLAN. 


SHOWING TORBANITE OCCURRENCE (shaded) IN THE ERMELO DISTRICT OF 
THE TRANSVAAL. 


fairly even floor of the Dolomite and Pretoria Series of the Transvaal 
System in the north and north-west, of the old Granite and 
Swaziland Schists in the central and south-west portions, and 
probably Ventersdorp and Upper Witwatersrand beds along the 
west boundary, the Karroo beds ‘were laid down in an inland sea 

*“ Vide Coal Resources of the Union of South Africa,” Memoir No, 19, 
Union Geological Survey, by W. Wybergh, vol. 3, p. 59, ef seq. 
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TORBANITE. 
Ermelo coalfield 
opment and exploratory 
been prospected prope 
and so far west as Krans 
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has been explored by a 
the country is almost 
issie district and northw 
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seams of coal have 
extent are so far unkn 
i and its tributaries 
partly removed the 
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and conglomerates are rarer than 
north-east, and the formation is 
the Karroo beds, the following 
acts have been established. On Vaalwater 227, in the north-west, 
the Komati river has exposed the Pretoria beds with the Karroo 
in a borehole, boring should be stopped at once, for no oil-shale 
or coal can be found lower down.* 
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holes penetrating the Karroo beds is the topography of the floor 


beneath them. In the northern part of the area the floor is known 


to be even and no great depressions or ridges exist ; but to the south 
and unevenness apparent Thi 


_ the 
rk has 


as disclosed by adits, shafts, boreholes and outcrops. 
are fairly continuous and serve as a basis for correlation. These have 


Between Breyton and Ermelo there are five seams of coal which 
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Coal Seams.—Since the HB 

Witbank coalfield it might 

vos. 1, 2, 3, 4 and 5 seam 
as the type section of the coalfield in terms 
in other localities are described. It is pro 
description of this type sec 
the present-day knowledge 
the lowest in the succession. Between these five main seams other 
smaller lenticular seams are known to occur as detailed later. | 
The positions of the outcrops and sub-outcrops of these seams , 
are shown on the map. 


~ 
& 


Seam A.—This is the topmost seam, and consequen 
suffered the most erosion through the dissection of the p 
by the stream valleys. Above it are a few locally-developed lenticles 
of coal such as those found on Mooifontein 287 and Uitgevallen 109. 
The seam occurs typically with a thick sandstone hanging wall ; 
and a shale footwall, the average section being :— 


Feet. 


and 

Seam B.—This is a well-developed, widely distributed seam, 
but owing to its poor quality it has remained unworked. It lies at 
distances varying from 5 to 60 ft. above Seam C, and is a thick 
bed in the northern part of the field (10 ft. at Black Diamond and 
Albion collieries) but thins to 3 or 4 ft. East of Breyton and between 
Breyton and Ermelo is 3} to 5 ft. thick. East of Uitgevallen 109 
it thins out and disappears. The average thickness is 7 ft. 10 in. 
and the average calorific value is 11-29. 

Seam C.—This is the principal and most widely distributed 
seam of the coalfield, and is mined in the various collieries shown on 
the map. Owing to its economic value a large number of exposures 


The nitrogen content (only two determinations available) is 1-62 per 
cent. The coal is less suited for steam raising than either Witbank 
or Natal coal, but is excellent for railways and for domestic use. 


* Collected and published _by Wybergh, op. cit., p. 71, et seg. 
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| description ; but as a knowledge of their disposition and their 
chief characteristics is of great help in finding extensions of the 
torbanite seams and oil shales a brief account of them is given. ’ 
be 
bove 
of this seam has been made, and the data obtained make the 
recognition of this seam in the field much easier than that of the © 
other seams. The coal is a high volatile coal of good quality, but 
the high sulphur and ash content prevent it being classified as 
a first-rate coal. The seam is embedded in sandstone with irregular 
intercalations of shale and sandstone, the thickness being 3 to 5 ft. 
approximately, and the mean of all proximate analyses available‘ 
is as follows :— 
Per cent. 
Volatiles as is 28-05 


Some samples analysed furnished a good coke, and the high per. 
centage of volatiles may be of importance in the future when the 
development of the oil shales of the area is undertaken. 

Seams D and E.—These seams are of far less importance than 
A, B and C, but are fairly persistent and may on occasion be useful 
for indicating or marking the horizon below Seam C. Seam D 
is a thin seam averaging about two feet in thickness, lying 30 or 
40 feet below Seam C. It thins out to a few inches locally in parts, 
and east of Breyton appears not to have been deposited. East 
of Ermelo, on Leliefontein 25, it has been encountered in a borehole 
70 feet below seam C. 


Seam E. is a thin seam similar to seam D, lying 50 or 60 feet below 
seam D. It is lenticular, and at one place on Witbank 159 it has 
been struck in a borehole 60 feet below seam D, with an exceptional 
width of 7 feet of good coal. No such thickness has ever been met 
with elsewhere. 

Having thus described the more important coal seams of the 
Breyton-Ermelo belt the following detailed account of the distri- 
bution of the torbanite seam is given, using the coal seams as 
markers of horizons in the Ecca beds. 

A series of boreholes put down on Mooifontein, 16 or 17 years 
ago, proved the existence of at least three, and in some holes four, 
beds of carbonaceous shale. 

The lowest of these is a bed of gritty black rock, 20 to 24 feet 
thick, and lying near the bottom of the Karroo beds almost on top 
of the Dwyka Tillite. It is, therefore, far below the main coal 
* seam C and even below the subsidiary seams D and E. It is too 
poor in the kerogen to be called an oil-shale, and is valueless as a 
source of oils. 

Above this there are two seams of oil-shale, each 4 to 5 feet thick, 
coalescing at places into one, which sometimes attains a thickness 
of 19 feet. This shale yields oil on distillation, but is far too poor to 
be useful ; only 4 or 5 gallons of oil per ton of shale can be obtained 
from it. 

Above this seam of carbonaceous shale, at a distance of 50 feet or 
so, lies the main coal seam of the Ermelo coalfield, seam C. This 
is mined in the Grenfell colliery on Uitgevallen 109; it is here a 
thick seam (5 feet) with a sandstone parting of 1 in. near the top, 
having @ calorific value of 12-5 and containing 30 to 36 per cent. 
of volatile material. Because of its high volatile content, its high 
calorific value, and its position relative to the coal seams above it, 
there can be little doubt that the Grenfell main seam is indeed 
seam C, a deduction of the utmost importance in the further 
exploration of the area for the torbanite seam. 
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Approximately 60 feet above seam C, associated with a persistent 
coal seam, which is probably seam B, is the torbanite seam averaging ; 
1 ft. 6 ins. to 2 ft. in width, but at places only a few inches thick 
or absent altogether. I in certain thatthe composite 
seam of coal and torbanite is seam B of Wybergh’s classification. 

Both the torbanite and the coal associated with it are described in 
detail in a later section of this article. 

It should be noted that confusion between the torbanite seam . 
and the middle band of shale above 
“ middle band ” of shale, 19 feet thick (at p 
seams) lies definitely below the main coal 
torbanite is embedded in a coal seam 60 f 
coal seam C and is, moreover, much thinner, 
on the average. Dr. Meyer’ refers to this 
which is embedded in shaly sandstones as 
thin but persistent seam of coal ; 
seam above seam C that is in contact with a 
coal. The distinction is of great importan 
oil-shales below seam C have as yet been | 
future such are discovered, the discovery 
Hae oacespanaig horizons within this area that are of value as 
indigenous sources of oils, instead of only one as at present, namely 
the seam B horizon. 

th the carbonaceous shales below Seam C are of small 
urces of oil, they will not be discussed in detail. The . 
horizon, Seam B, has been intersected by numerous 
and opened by several adits and shafts, details of which 
ion of the writer. A mass of uncorrelated data such : 
uld not with advantage be incorporated in this article ; 
usions dra 
ifontein 287 
Union, p. 8, ef seg. 
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between 20 and 30 million tons of the torbanite exist on the farms 
mentioned above, between Breyton and Ermelo.* 

Extensions of the seam beyond the Breyton-Ermelo district are 
known. At Smits’ coal mine on Bakenlaagte 21, about 10 miles 
north of Kinross in the Bethal district, roughly 70 miles to the 
west, the torbanite, embedded as at in a coal seam, has been 
encountered in an adit. The section is 


coal is most probably to be correlated with Seam B of the Witbank 
coalfield, though there is not enough evidence on which to base a 
definite correlation. On Driefontein 22 another occurrence of 
the torbanite is described by Mills Davies’; this is also embedded 
in a coal seam, being overlain by 4 ft. 6 ins. of bright finely laminated 
coal with a cubical fracture, and underlain by 1 ft. 6 ins. of coal, 
the torbanite being 8 ins. thick. Unfortunately not much more is 
known about these two occurrences and no analyses are available ; 
but they are valuable in that they show definitely that extensions 
of the Ermelo torbanite do occur in the Bethal field to the west, 
and further search should be made. It is most probable that both 
occurrences are in the same horizon as seam B of the Breyton- 
Ermelo area ; Wybergh has attempted no correlation with either 
the Witbank or the Ermelo seams but has labelled the three seams 
of the Bethal area A, B and C, Seam A being the lowest. Seam C 
is the one that contains the torbanite, and it is also the highest 
seam in the Bethal field. Between Kinross and the Breyton- 
Ermelo area the torbanite seam has not yet been discovered, although 
much of the intervening country is high enough to contain it, and 
there is little doubt that further extensions will be found. 


* G, A, Troye, Cunningham Craig and others. Vide Dr. Meyer, op. cit., p. 16. 
* S. A. Mining Journal, November 28, 1925. 


Carbonaceous shale .. lft. 6in. 
Coal .. ée de ée ft. 6in. 
This is very similar to the composite seam at Ermelo and the 
Other extensions have been proved to the East of the Breyton- 
Ermelo area in the Ermelo coalfield. In the district to the east 
of Bloemfontein 288 much of the horizon of the torbanite (Seam B) 
has been eroded away and no torbanite has been discovered. But 
to the south-east, on the farm Steenkoolspruit 88, there is a hill 
called Bank Kop on the side of which a complete section of the coal 
measures is exposed. This shows four coal seams. The uppermost 
; of these is a composite seam with 3 feet of coal and 4 or 5 ins. of 


of faulting on the distribution 

seam is negligible. A far more serious 

merous dykes and sheets of dolerite 
laces the intrusions have thickened the 
seams above them out of their normal 
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torbanite immediately underlying the coal. The level of this 
feet at Bank Kop and it can safely be correlated with 
the Ermelo occurrence. Seam C is also known at Bank 
as been proved to extend westwards on to Schimmelhoek 
west on to Schiedam 91 and Waaihoek 170. The tor- 
been opened up above Seam C on Schimmelhoek 89, 
oek 170, where it possesses the same characteristics 
elo. Further search in this region will doubtless result 
losure of more torbanite, but unfortunately the district 
along a watershed like the Breyton-Ermelo district, 
and it is cut up by many stream valleys. . , 

The Effects of Faults and Igneous Intrusions.—As previously 
explained, the Karroo rocks have been little disturbed since they 
were first laid down, and 
of the torbanite and oil-sha 
factor is the intrusion of 
into the Ecca Series. In 
formation, and so raised th : 
position ; but the chief eff 
by heat of the coal 
neighbourhood of the dykes, and seems to be out 
portion to the size of the dyke causing it. But fort 
are no large areas of uniformly low-grade coal 
intrusions, such as are found in the coalfields of Natal. 
coal has been affected, it has been definitely destroyed bs 
part of the seam, and elsewhere is unaffected. 

Boreholes between Breyton and Ermelo have shown t 
on Spitz Kop 65 and Nooitgedacht 10. In the Grenfe 
dyke that had also destroyed much coal was enco 
areas of burnt coal occur on Waterval 18, Sterkf 
Klipstopel 145 and Klipfontein 144. On the west 
prospecting has been discouraged by a large body 
rock which extends on the surface from Spitz Kop 
Nooitgedacht 10, right to the Vaal River valley. On 


Pounds water from and at 212° ¥. evap. 
1 lb. of Coal . by 


Equal to B.Th.U,’ Ib. 
Ultimate— 


Many distillation tests of the oil from the torbanite have been 
described, but. these are not quoted because the results are not 
consistent, and also some absurd claims have been made. 


The following ultimate analyses were made of 
samples of torbanite from an Mooifontein, and samples of 


1 “ Monograph on Structure of Coal, 1918, Plate III. Figs. 14, 15, 
4 Analyses by Spence and Cowan, Analysts, Glasgow, 
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often make up more than 50 per cent. of the material, the 
remainder being the black opaque, shaly matrix that must contain 
most of the ash. No definite organic structure could be made out 
in any of the sections except one, which was taken from the north- 
western extension of the Ermelo occurrence near Leslie. Some 
of the gels in this material strongly resembled macrospores, such 
as those photographed by Stopes and Wheeler.’® 
No ultimate analyses of the torbanite have hitherto been 
published, and the number of analyses of the coal of the com- 
posite seam is also limited. But those available show that the ; 
coal is of good, but not first-class, quality. Its coking qualities 
have not been investigated, nor has the yield of condensible 
volatiles on distillation. Only two analyses of the seam could be P 
found, and these are given below" :— 

COMPOSITE SEAM COAL. MOOIFONTEIN 289. 
Top band. Bottom band. 
Per cent. Per cent. 
Proximate— 
Volatiles oe ae se 28.46 34.39 
3.01 2.72 
13.87 13.81 
Oxygen .. on ee 6.10 6.21 


the residue from a bulk sample of 
at 480° to 490° C., under conditions described below 


(Wa 


carbon (by difference) 


Calorific value in B.Th.U.'s/Ib. 


From these proximate and ultimate analyses it can be seen that 
the material contains much less ash than a true oil-shale, and 
although the ash content is much greater than that of a coal, the 
volatile content is remarkably high. The low percentage of oxygen, 
taken in conjunction with these characteristics and the facies of its 
deposition, entitles the deposit to be classified as a torbanite. 

The volatile content appears to be related to the 
of kerogen gels in the material. Examination of thin sections of 
the torbanite from an adit and several prospecting pits on 
Mooifontein, and also from other parts of the field, as Schickfontein, 
Schimmelhoek, and the occurrence near Bethal reveal the richness 
of the material in bright yellow globules of kerogen. In the opaque 
very fine-grained, dense black matrix, in which these gels are set, 
no individual grains of quartz or any other detrital mineral could be 
seen in the 30 sections examined. This fact, taken in conjunction 
with the clay-like nature of the ash, leads to the conclusion that the 
matrix is a finely-divided clay which has absorbed or been im- 
pregnated by sufficient carbonaceous matter to give it the dense 
black colour. 

As the matrix constitutes 40 or 50 per cent. of the material, 
it probably yields a portion of the total products of distillation 
at high temperatures. But the low percentage of ash is a stumbling 
block in the way of at least one theory of the origin of the torbanite, 
namely, that the kerogen globules are the result of the partial 
oxidation and drying up of petroleum introduced by underground 
seepage into and absorbed by the mineral matter after deposition. 
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Torbanite. Residue. 
Per cent. Per cent. 
0.77 L.10 
56.30 10.90 
15.14 31.49 
de 27.79 56.51 
Total .. 100.00 100.00 

Ultimate (Dry basis)}— 

Oxygen (by difference) Se ee oe 6.56 5.54 
Nitrogen os we 0.75 0.79 


It seems inconceivable that so small a quantity of ash or mineral 
matter could absorb so large a quantity of carbonaceous 
matter under the conditions in which it is found—in a little 
disturbed, sharply demarkated coal seam embedded in barren 
sandstones 


It is well known that the Karroo system in which the torbanite 
occurs was deposited in fresh water, and, as it is 


tion; and if higher, both the quality and the yield of the oil are 


impaired. 

A i nine-tenths of the volatile matter of the torbanite 
is removed at 480° C., and the fixed carbon-volatiles ratio is reduced 
from | : 3-6 to 1 : 0-35. Every 100 lb. of the raw torbanite contains 
approximately 7lb. of hydrogen, and gives 48lb. of residue 
containing 1-2 per cent. of hydrogen. That is, 0-6 lb. of the original 
hydrogen remains in the spent torbanite, which is equivalent to 
approximately. 

sulphur content of the torbanite is low; analyses of the 
a considerable number of analyses of carefully-taken samples from 
unweathered parts of the seam at various places in the district would 
have to be made before any definite estimate of the average sulphur 
content could be made, although the torbanite used in the above 


experiments is typical of the deposit as a whole, and it is most 
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tion 
3 
t. 
| : 
ait: CAISVCU Dis Cg (rom ne CS, fils 
| evidence leads to the conclusion that the torbanite is a sediment of 
fine clay and comminuted vegetable matter. The low oxygen 
content and the high yield of aliphatic hydrocarbons on distillation, 
indicate that the bulk must have consisted of the resinous parts of 
plants, and it is known that these would more readily lend them- 
selves to transportation and sedimentation in fresh or brackish 
Along certain planes the kerogen gels or globules are definitely 
orientated. This can be seen in some hand specimens along the 
curved faces of choncoidal fracture ; the orientation causes a satin- 
like sheen and possibly helps to give the material its springy 
elastic nature that makes it difficult to crush by hammering on a 
solid surface. 
BeHaviouR oN 
Experiments with a 3-ton experimental rotary retort, and also 
with a small rotary retort erected in a laboratory of the chemical . 
engineering department at University College, London, show that 
the best yield of oil is got from the torbanite when the distillation 
is done at 480° C. approximately. If the temperature is lower than 
this, too much volatile matter is left in the residue after distilla- 


unlikely that a high sulphur content will be found over large areas. 
Estimations of the sulphur in the feed materials, the spent torbanite, 


became distributed among the various cuts on the 
condensate. It was found that every 100 Ib. of the raw material 
contains 0-63 Ib. of sulphur and gives 


Although the nitrogen content is low, there ia probably sufficient 
to make ammonia recovery profitable if the material is retorted by a 
the distillate. From the analyses quoted it can be seen that every 
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what percentage of the sulphur volatilised when the torbanite was 
distilled under the conditions described, and how the _ 
0-52 per cent. sulphur. Hence the residue from 100 lb. of torbanite 
after distillation at 480° C. contains 0-26 lb. of sulphur ; and about 

40 per cent. of the original sulphur is not volatilised. 
From data tabulated in the following pages, 100 lb. of the terbanite 
gives 34 lb. of oil, containing 0-43 per cent. sulphur. Therefore, 
24 per cent. of the original sulphur is volatilised and found finally 
in the liquid distillate. Only one-fourth of the original sulphur, 
therefore, goes into the condensate. The redistribution of this 
part of the original sulphur that goes into the oil is of importance 
48 lb. of residue containing 77 per cent. of nitrogen. Therefore, 
0-37 Ib. of the original nitrogen remains in the residue, equivalent 
to about 50 per cent. of the total, which is a very high proportion. 
This non-volatile nitrogen should be recovered by heating the spent 
torbanite in a current of superheated steam, as in the Pumpherstone 
system of retorting. Every 100 lb. of the torbanite gives 34 Ib. of 
oil containing 0-65 per cent. nitrogen, equivalent to 22 per cent. 
of the original nitrogen. The remainder of the total nitrogen 
oils and shale oils, but notwithstanding this it is far more mobile 
than shale oils obtained in Scotland and Australia. Its specific 


gravity is 0-921 at 18°C., and its viscosity 72 seconds at 20°C. 
(Redwood No. 2). The yield of oil per ton of torbanite is approxi- 
mately 80 gallons dry oil per ton. 

The water content of the total condensate is low, and no water 
separates out on standing ; but this could be expected on account 
of the low oxygen content of the torbanite, and its low initial 
moisture content. 

The 22 per cent. by weight of the original nitrogen of the torbanite 
that goes into the oil must be present as amines and nitrogen ring 
compounds for the most part, and these can be recovered to a 
limited extent from the dilute acid washes given to the fractions 
in the refining process. The strong acid washes contain too much 

On fractionating the crude distillate by straight redistillation, 


Gals. Sp. Gr. 
2. to 250° C. -- 
3. 250° to 300° C. 10 0.85 
4. 300° to 320° C. 13 _ 
5. 320° to 350° C. 14 0.87 
6. Above 360° C. 6 _ 
7. Pitch 14 1.05 

Loss 4 per cent. by volume. 


volume of 85 per cent. sulphuric acid, and 10 
of 40 per cent. soda lye and water, gave jaime A ae 
following :— 
From cuts No. 1 and 2— 
1. N B.P. 175° C., 8 
Berning oil, 175% to 225° C. 
Prom cata No 3 and 4— 
3. Middle oils which be worked into a variety of products. 
B.P. wp to 200°C. 
From cuts No. 5 and 6— 


4. Middle oils which can be worked up mm pressure, 1 gal 
and fuel oils. B.P. up to 250° C. 


1 
in 
Still bottoms 4 
Pitch di 14 
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The middle fractions contain considerably more of the original 
sulphur than the first and the last fractions. 


of sulphur in the crude oil before fractionation and after. The 
amounts of sulphur in cuts | to 5, together with the sulphur in 
the pitch, add up to 0-122 lbs., whereas there was 0-148 Ibs. of 
sulphur in the crude oil that furnished these products ; 0-024 Ibs. 
of sulphur are unaccounted for, part of which, however, might 
possibly have been lost as H,S and other volatile sulphur compounds 
to give an idea as to how the sulphur finally becomes distributed 
after a straight simple distillation of the crude oil, such as would 
most likely be used in practice in large scale operations. 


the same time the spirit remains permanently water white. There 
is a large yield of burning oil (15 gals. per ton of torbanite), but 
the refining : ing of the light spirit. 


soluble sulphonic esters during the acid washing. The oil can 
however be refined sufficiently with acid and alkali washes and 
subsequent treatment with an absorbent material such as silica gel 
or activated charcoal. Bauxite does not improve its colour probably 
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; Owing to the difficulty of accurately measuring the quantities 

of fractions after distillation, and to errors inherent in the analytical 

) methods, it is difficult to strike an accurate balance in the quantities 
Concivsion. 

The properties of the torbanite described above show that it 
could be advantageously distilled in a modern Pumpherstone 
retort, for not only would its volatile contents then be recovered 
its nitrogen content could be recovered as ammonia. The spent 
torbanite, although containing 56 per cent. of ash, will burn in the ‘ 
atmosphere, and with external heating would certainly yield its 
nitrogen content, as ammonia, to a stream of super-heated steam. 

The crude oil from the torbanite has a considerable proportion 
of light spirit that can be refined for use as a fuel for internal 
combustion engines. The yield per ton of this refined spirit boiling 
below 175°C. is 8 gals. per ton of torbanite. Blended with benzol . 
from coal it would be a good fuel as it has a high proportion of 
unsaturated hydrocarbons (Iodine number 120). The spirit can be 
refined so that deposition of gum on standing is avoided, and at 
with acid and alkali is much more difficult to remove, and it is hard 
to reduce the sulphur content as low as that of kerosines from 
petroleum oils. This is mainly due, no doubt, to the unsaturated 

nature of the oil, which will cause the formation of hydrocarbon- 
2P2 
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on account of the polymerisation that takes place on filtration 
through the re-agent. 

The percentage of wax in the oil is much lower than that of the 
Lothian shale oils and many others but, owing to the high yield of 
oil, about 12 Ibs. of wax can be recovered per ton of torbanite. The 
fractions that carry this wax amount after refining to approximately 


The seam of torbanite varies from | ft. to 1 ft. 6 in. in thickness, 
and is embedded in a coal seam 4 ft. thick on the average, occurring 
at some places at the top, in other places at the bottom or in the 
middle of the seam. Though a large tonnage of the torbanite is 
known to exist, and more is almost certain to be found in the future, 
it is most important to remember that the torbanite cannot be 
mined alone without the coal; the whole composite seam would 
have to be mined. Under the conditions prevailing, the cost of 
mining is about 5s. per ton of the composite seam, and therefore the 
cost per ton for the torbanite at the shaft collar will be 15s. per ton, 
allowing no value for the coal. There is no market for the coal at 


reduce the high initial cost of the torbanite and at the same time give 
a valuable by-product. 


such as the Lothian shales. To counter-balance this disadvantage 
there is a high yield of oil, and during the mining a large tonnage of 
coal is made available. 

oil obtained from the torbanite is very similar to ordinary 
oil except that it contains considerably more light spirit and 
considerably less wax. It will be amenable to refining by the usual 
methods of shale oil refining as practised in Scotland, and no 
i ies stand in the way of refining it. Opportunity 


- 


up into 

products such as gas oils, cleaning oils, lamp oils, light and heavy 

lubricating oils, greases and so on. The phenolic constituents of the 

crude oil are present in such a small amount that they are 

of no value. 

present, but it contains over | per cent. of nitrogen, and sufficient i 

should therefore be gasified with ammonia recovery to provide fuel 

gas for operating retorts distilling torbanite. This would help to 

delivered to the retorts must be at least twice and probably three 

times the cost of oil-shales occurring in seams 4 ft. thick (and more) 

is taken here to controvert statements made in the past implying 

that the oil from this torbanite is like a petroleum, such as a 

Pennsylvanian crude oil ; chemically it is very unlike such crude oils 

and more difficult to refine. ar 
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The Determination of Mean Molecular Weights of 
Lubricating Oils by Improved Cryoscopic Methods.* 


By N. G. Guiuick, A.R.C.8., B.Se., D.1.C. (Student Member). 


1. The calculation of latent heats for refining engineering 
worth. 


will probably have a marked effect on “ oiliness.”’) 
4. In view of the considerable difference between reported 


manufactured from petroieum, Molecular weight determination 
of bitumens of unknown origin may prove to be a valuable means 
off identifying aad of the 
of each type in blends. 

In view of the marked difference in price betweot natural and 
artificial bitumens, and the difficulty of Se oe 


received March 20, 1931. 
ot Inst. Petr. Techn., 1924, 10, 787-802. 
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GENERAL INTRODUCTION. 
The determination of the Mean Molecular Weights of crude 
oils and their fractions may be carried out with the following 
objects in view :— 
- 2. The Molecular weight is an important property from a 
purely research point of view, and its determination makes our 
7 knowledge of each oil more complete. 
3. In the case of lubricating oils, the mean value may be . 
intimately associated with “ oiliness” and lubricating value, in 
view of the fact, already experimentally established in the case 
of certain homologous series of organic compounds, that the 
coefficient of static friction is a linear function of the Molecular 
weight, decreasing as the latter increases. (When comparing 
hydrocarbons of different series difference in Molecular structure 
natural bitumens themselves, and also between them and bitumens 
_| 
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them by the usual tests, this new method may be of importance 
and may even have a routine application. 

Hitherto very little work has been done on the accurate deter- 

mination of the Mean Molecular Weights of lubricating oils by 
eryoscopic methods. In 1923 a paper was published by Wilson 
and Wylde on the “Vapour Tension of Solvents.”* In this, the 
determinations of the Mean Molecular Weights of some lubricating 
oils were described, Beckmann’s cryoscopic method being employed, 
using benzene as the solvent. 
' These results have been criticised by C. F. Mabery, who stated 
that for high Molecular weights benzene was unsatisfactory and 
recommended stearic acid. In neither case, however, was any 
attempt made to dry the solvent. This may have been the source 
of error in the case of benzene, and also, but to a lesser extent, 
in the case of stearic acid. 

Benzene was used by Norman in the determination of Mean 
Molecular Weights of Oils.* 


on This was thought to be due 
to water absorption by the solvent and figures were given showing 
the constancy of the freezing point of the solvent after having been 
dried by various agents. 

Anhydrous sodium sulphate was recommended as giving the 
best results, and has since been used by A. H. Steed in his deter- 
minations of the Mean Molecular Weight of Light Petroleum 
Fractions®. Nitrobenzene, to which a few grams of pure anhydrous 
sodium sulphate had been added, was used as the solvent. 

The determination of the Mean Molecular Weights of lubricating 
oils, using nitrobenzene as solvent, were carried out on the same 
lines as those adopted by Steed, but with certain modifications, 
found necessary when dealing with the more viscous of the lubri- 


cating oils. 
Tyrzs or Oms Usep ix THESE DETERMINATIONS. 


Two distinct types of lubricating oils were used; one derived 
from asphaltic-base Venezuelan crude petroleum, and the other 
from paraffin-base Pennsylvanian crude petroleum. 

These were, as far as possible, straight-ran products, and were 
supplied by the Shell group of petroleum companies. __ 


$2. Ind. . Chem., 1923, §, 801. 

® Chemiker , 1907, 117. 

1923, 123, 2037. 

8 J. Inst. Petr. Techn., 1930, 16, 799-807. 
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The following Venezuelan oils were examined :— 

Venezuelan spindle.” 

“ Venezuelan 300 

600 

“ Venezuelan 1100 red.” 

“ Venezuelan cylinder oil.” 

The Pennsylvanian oils examined were :— 

“ 150 Penna neutral.” 

“ Penna long residuum.” 

“ E.W.F.* Penna cylinder stock.” 

* Extra Winter Filtered. 
In order to define still more closely the nature of each of the 
oils examined, in terms accepted by the petroleum industry, they 
were subjected to the following standard physical tests. 

(a) Viscosity —This was determined by the standard Redwood 
No. 1 viscometer. The results are shown in Table I., and are given 
in “ Redwood No. 1” seconds. From these values the absolute 
viscosities have been calculated. 


(c) Flash-point.—The closed and open flash and fire points were 
determined by the standard I.P.T. flash-point apparatus. 

(d) Specific Gravity —This was determined by the density bottle 
method at 100°F. The values for 60° F., 70° F., 140° F. and 200° F. 


were lower than figures given by the suppliers of the oils, especially 
in the case of low setting point oils. This may have been due to 
the greater facility with which low ae we be maintained 
for long periods by the use of refrigerating plan 

The lowest temperature reached was — ae 
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(6) Refractive Index.—This was determined by the Abbe refracto- 
meter at 15° C. 
correction data. 

(e) Setting Point—This was determined by the latest I.P.T. 
U-tube method with the additional refinerent of employing a brine 
bath fitted with a closed cooling coil instead of the air bath and 
freezing mixture. The temperature of the brine bath could be 
regulated accurately by adjusting both the rate of flow and the 
temperature of the brine pumped through the coil. The cold brine 
was supplied from a refrigerating plant. 

The above device gives a far better temperature control than the 
normal air bath and freezing mixture, and sharp readings were 
obtained. 

In most cases it was found that the setting points thus obtained 


The table below shows viscosity results. 


showing also figures supplied with the oils. 
I. 
Viscosity. 
Redwood No. 1. Secs. Absolute viscosity. 


of oil. 70°F. 100°F. 140°F. 200°F. 70°F. 100°F. 140°F. 200°F. 
enezuelan 


spindle 371 148 645 42 £08147 0-318 0-125 0-054 
Venezuelan 

300 893 290 990 47 1-973 0-672 0-208 0-074 
Venezue 

500 red 1,647 455 1420 654 3819 1-002 0-304 0-091 


Venezuelan 
1100 red 984,582 1083 2770 75 1042 2-428 0-609 0-155 
‘enezuelan 


cylinder oil 38,320 6480 1102-0 193 7912 1485 2-477 0-419 
150 Penna . 286 «61330 «650 «642 «6960-602 «420-268 «0119 0-052 


1,623 560 197-0 72 372 116 0406 0-175 
7,228 2138 6100 172 1574 4603 1-266 0349 


The absolute viscosity was calculated from the formula 

Vane = Kdt 
d=density at the temperature ; 
t=time in Redwood secs. ; 


K is the constant and was obtained from figures given in 
Archbatt end Deeley.” 


Weicut 


Two types of thermometer were employed for eryoscopic deter- 
minations of Mean Molecular Weights, viz., an electrical (platinum) 
resistance, and the more usual Beckmann mercurial thermometer. 

(a) The Method Using Electrical Platinum Resistance Thermometer. 
—The apparatus consisted of a large glass test tube 1} in. by 7 in., 
fitted with a cork carrying a_resistance thermometer and stirrer. 
The stirrer was of the oscillating type and was driven electrically, 
the rate of stirring could thus be kept constant throughout a series 
of determinations. 

The thermometer was of the platinum resistance type, the 
construction of which is described in the Journal of Scientific 
Instruments.* 

The cooling medium was a bath of crushed ice, while the time 
readings were taken by a revolving drum chronograph. 


* J. Sci. Instruments, 1925, 2. 
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The temperature was measured on a Callendar-Griffith’s bridge, 
the constant current method being adopted. 


Physics,” p. 455, and in the “ Encyclopedia Britannica.’ 


Tue EXPERIMENTAL METHOD. 

The first solvent used was pure nitrobenzene dried in situ by 
anhydrous sodium sulphate. 

Exactly 100 grams of nitrobenzene were introduced into the 
tube and approximately 3 grams of pure sodium sulphate 
added. The thermometer and stirrer were inserted and the whole 
placed in a bath of crushed ice. 

The solvent was slowly stirred and the fall in temperature observed 
on the scale. When the temperature was 1° or more below the 
was increased till crystallisation commenced 

The temperature then rove rapidly to the freezing point, the rate 
of stirring being reduced to that initially employed. 

The nitrobenzene remained at a steady temperature while more 
and more of the solvent became converted into the crystalline 
form, indicating that it was pure. 

That is to say, the lower portion of a temperature time-cooling 
curve was horizontal to the time axis. The temperature corres- 
ponding to this portion of the curve was the freezing point. 

The readings on the scale and resistance coils were noted and the 
temperatures calculated. 

It was found that if the freezing point of a portion of the solvent 
freshly withdrawn from the store bottle was determined by the 
differed considerably (in some cases by 0-2° C.) from the 
point of the same portion of solvent after it had been allowed to 
santa, Pe temperature and the above series of operations 
repeated. 

On allowing to warm up, however, once more, and taking the 
freezing point a third time, it was found that the second, third, and 
all subsequent observations were in agreement 7 a 

The writer has seen no previous reference to y ot yan porcin 
nor did he attempt to ascertain its cause. There does appear 
tobe any explanation of the abnormality of the. 
freezing point, but it may be due to the fact that the drying agent 
does not remove dissolved moisture completely from the 2 ae 
until the lowering of temperature during the determination causes 
the water to separate out. 


Encyclopedia Britannica, 14th ed., 121-125. 
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It was thus obvious that the value of the first freezing point 
can in all cases onl be regarded as 

Two grams of oi were then introduced into the solvent tube and 
the freezing point of the solution determined in the same way as 
before. Temperature-time curves were drawn but owing to the 
continual increase in concentration of the solution (due to separation 
of solid solvent) the lower point of the temperature-time curve was 
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TYPICAL GOOLING CURVES. 

and final portions of these curves were actually plotted and the 
freezing point obtained by extrapolation of the lower portion towards 
the deflection axis, thus giving the freezing point in terms of deflec- 
Figure 1 shows a typical cooling curve. The parts AB and CD 
yore plotted. the middle partion being indinated by the 


- The deflection corresponding to the point E was noted and the 
freezing point in 0° C. calculated. 

A further quantity of 2 grams of oil was then added and the 
freezing point again determined. In this way the depression pro- 
duced by varying concentrations of oil were obtained, and the 
Molecular weight at each concentration calculated. 

These experiments were carried out on the same sample of nitro- 
benzene as used by A. H. Steed in his work with this apparatus, 
and the results were calculated from his data for this solvent. 

The Molecular weight is given by the expression :— 

Wt. of solute M.W. of nitrobenzene 

Mol. wt. = solvent * 
K was obtained experimentally by plotting depression against 
concentration in “molecules per cent.” for solution of pure 
naphthalene in nitrobenzene. This gave a straight line, from which 
readings of K were obtained for each value of the depression. 

The Venezuelan fractions were all tested in this way and the 
results for the Venezuelan 1100 red are shown below in detail. 
series of Venezuelan oils and Pennsylvanian oils. 


EXPERIMENTAL Resvuuts ror “ VENEZUELAN 1100 Rep.” 
A typical cooling curve is shown in Fig. 1. From this the freezing 
point was calculated ; this calculation is shown below, as are the 
results at other concentrations. 


Deflection corresponding to the freezing 


point (Fig. 1) we .. =3665 scale divisions. 
Sum of resistance in box .. aa .. =25-50 x0-036 ohms. 
Resistances removed .. e ae .. =12-89 x0-995 ohms. 
.. Resistance in box .. .. =12-60 x0-04 ohms. 
Deflection in resistance terms = ohms. 
365 
12-60 x 0-04— —— — 
ot — 109 x 1000 12-26 
4-775 4-775 
=5-081° 


[Corrected by the formula t--pt=d x t(t—100) x 10-4 d=1-5"] 
Freezing point of nitrobenzene 5-370°C. (Other observers using 
sodium sulphate give 5-35° C.) 

* J. Sei. Instruments, 1929, 6. 
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Depression in freezing point=0-361° 
Constant for this depression (obtained from Steed’s calibration 
of the nitrobenzene) =0-68° C. 


Wt. of nitrobenzene... =95-71 grams. 
Wt. of oil .. es -. = 1-592 grams. 
1-502. 123-1 
The molecular weight = 9 X jag x 100 
= 301. 


A further quantity of oil was then added and the freezing point 
varying concentrations were obtained. 


These results are shown in the following table :— 


Shown as Typical Data. 

wt. Mean 

No. of oil Total B} % molar 
1 1-592 Ties 0-361 0-68 301 
2 1-760 3352 .. 0612 0-99 436 
3 2-170 5522 .. 0-953 1-84 386 
4 2-900 8422 .. 1-072 2-06 526 
5 2-790 | ia 1-238 2-39 603 
6 3-535 14-75 o% 1-517 2-99 634 

The moleenlar weights of the other fractions were obtained in 


curves on extrapolation to zero concentration would give the mean 
molecular weight. 

With the curves shown in Fig. 2 it is obvious that this is not possible, 
for not only do the mean molecular weights come to approximately 
the same value but the curves actually cut each other, the mean 
molecular weight of a cylinder oil coming below that of a spindle 
oil. 

The curves do show a similarity in form, however, and the value 
for the spindle oil is about that which might be expected. 

It would thus appear that nitrobenzene, although 
for petroleum fractions of low molecular weight, is not suitable for 
the determination of the molecular weights of the higher fractions. 

It is probable that the anomalous results, the steep slopes of the 
curves and their departure from the linear form observed with other 
solvents is due to increasing proportions of the oils being thrown 
out of solution at low temperatures as more and more concentrated 
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Data ror 1100 Rep. 

Figure 2 shows the molecular weight-depression curves for the 

4 whole series of oils examined. 

; It was originally supposed that the molecular weight-depression 


solutions were used. This tendency, as might be expected, is more 
pronounced with the most viscous oils, in fact, with these, solution 
in nitrobenzene may be incomplete even at ordinary temperatures. 
The dark colour of these solutions and the presence of finely. 
divided drying agents rendered it very difficult to determine by 
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whether compiete solution had taken place. In the case 
of the Penna oils, due to their lighter colour than the Venezuelan, 
it was observed that oil was actually thrown out of solution; in 
fact, the more viscous ones were insoluble even at ordinary tem- 


It was decided to use bensene as the solvent for s sccond series 
of observations, owing to its marked solvent powers for all oils, 
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its convenient freezing point, and the frequency with which it is 
employed in general cryoscopic work. 

For the determination of the molecular weights of lower petroleum 
fractions, benzene may in certain cases be unsuitable owing to the 
fact that association between solvent and solute may take place 
and these fractions may themselves contain benzene, or at any rate 
some of its homologues, which in the presence of benzene may act 
as solvent rather than solute and so alter the effective concentra- 
tion of the petroleum fractions in the solvent. It was thought 
that these objections might not apply to higher petroleum fractions, 
such as lubricating oils, since it is not known whether they contain 
benzene homologues, and even if they do the homologues may 
contain so large a proportion of non-benzenoid structure in the 
molecule as to behave as solute rather than solvent. 

The resistance thermometer apparatus being now unavailable, 
the conventional Beckmann thermometer was adopted for later 
molecular weight determinations, using benzene as the solvent. 


Mo.ecuLaR WEIGHTS BY THE BeckMANN 


The main portion of the apparatus is shown in Fig. 3. It 
consisted of a large glass test tube (1} in. << 


In this way, by the rate of flow of brine the 
coil and by efficient stirring of the bath, a constant uniform 
temperature could be maintained. 

The bath was lagged with cotton waste to assist in the mainten- 


perature. 

Both the stirrers S and 8, were operated by a system of double 
acting rods and cranks driven electrically, rate of stirring thus 
being controlled as before. 

The same precautions were taken to ensure that the benzene 


The benzene used in these ts was of the grade known 
as “orystallisable” and probably contained impurity, the bulk of 
which may have been thiophene. Consequently, no sharp freezing 
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helical cooling coil C through which cold brine at a temperature of . 
about -10° C. was circulated. 
The bath was mechanically stirred by the stirrer 8,, and the cold 
brine was from a carbon dioxide 
pom was ODté or ne we Vas nus to 
determine this property in the same manner as was adopted for 
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Three grams of oil were then added to the benzene and the 


3. 
A typical cooling curve is shown in Fig. 1, the freezing point 
freezing point again determined. 


being taken at the Point E as in the previous experiments. 
This gives the freezing point of the solvent. 
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Then from the depression of the freezing and the.srsighta 
it 


expression— 
Wt. of oil K 


K. Depression costae (led 
experimentally). 

4 = Depression in °C. 

increasing concentrations and so the molecular weight at each 
concentration was calculated. 

These molecular weight values were plotted against depressions 
as before; in these cases, however, t lines were obtained. 
Extrapolation to sero depression gave ‘ molecular t at 
zero concentration. was taken as the Mean 
Weight 

As the concentration of oil in benzene increases so the freezing 
point approaches the bath temperature. 

In such cases extremely flat cooling curves were obtained, super. 
was easy, but in most caves it was only with difficulty thet 
tion was induced. 

On plotting such a curve a large extrapolation of the final portion 

was necessary to obtain the freezing point. 

A curve of this typs ts shown iti the Lower Carve in Fig. 1. It 
will be obvious from an examination of this curve that it is 
advantageous to limit the period of supercooling as much as possible 
in order to reduce the extrapolation error to a minimum. It was 
found possible to maintain the supercooling period approximately 
constant by adjusting the bath temperature for each concentration 
of oil in solvent so as to effect an approximately constant temper- 
ature difference between the bath temperature and the freezing 
point of the solution. Experiments showed that the freezing 
point was unslested by diferences in sbove tempernture gradient, 
varying over a range of 3°C. 

As it is essential to maintain the bath at a constant temperature 
throughout each experiment, the advantages of being able to 
control the bath temperature accurately over considerable periods 
will be apparent. 

In this respect brine cooling is far superior to the use of freezing 


mixtures. 
The tables and figures are extracts from the practical 
results 
The oil under test is this case is “150 Penna.” 


he 


Figure 4 shows the actual cooling curves: obtained in one series | mol 
of experiments from which the freezing points of the solutions | a“! 
were determined. Two or three series of observations were made lines 
for each concentration, and thus a number of values of the freezing J proj 
point were obtained, the mean of which was taken. In all cases 
the maximum difference was under 0-05° C. 
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The molecular weight was then calculated from the mean of = 
these observations. 3- 
Table III. shows the results for one series of observations, and 3 
Table IV. shows the results for a second series. = 
In the case of each series Depressions were plotted against + 


| | 
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molecular weight and the points are shown in Fig. 5, together with 
a ‘‘ Mean Curve ” for both series of observations. This is practically 
linear, indicating that the observed molecular weight is directly 
proportionable to the depression. 


450 —ts 
= 
400 +— 
o-4 12 20 28 3-6 
Depression, °C. 
Fic. 5. 


MOLECULAR WEIGHT-DEPRESSION FOR “150 PENNA NEUTRAL.” 


All the oils under examination were tested in this way. Fig. 6 
gives the results for all fractions. All points are not shown, so 
that it is really a synopsis of results. 

The experimental error in the observed molecular weight was 
estimated at about 2-3 per cent. In some cases values for the 
molecular weight outside this limit were obtained. On re 
the determinations with a fresh portion of solvent containing the 
same concentration of solute usually gave a more consistent result. 


Taste ITI. 
Data for 150 Penna Neutral. 
Sept. Ist, 1930. 

Wt. of benzene =67-40 

Freezing point of benzene = 546° 
added. oil. o° wt. 
2-238 2-238 603 0 .. 043 386 
2-838 5-076 464 .. —1 .. 0-92 409 
2-614 7-690 404 
5-505 13-20 425 
4-243 17-44 264 .. —3 .. 292 442 

Tastz IV. 
Sept. 5th, 1930. 
Wt. of benzene ee ee ==64-36 grs. 
Freezing point of benzene +. =5-46° 
wt. Wt. Freezing Bath Mean 

of oil of point. 4 molar 
3-129 3-129 4-84 0-62 392 
3-712 6-841 417 —l 1-29 412 
3-173 10-01 3.64 1-82 427 
4 14-92 2-88 2-58 449 
4-643 19-56 2.10 3-36 452 
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A few tests were carried out, using the original electrical method 
in order to determine whether even more consistent results could 
be obtained. 
Benzene was again used as the solvent, and it was found 
necessary to increase the size of the tube so as to ensure that the 
thermometer was completely immersed. 
A large test tube 1} in. x 9} in. was, therefore, procured. 

Owing to the lack of means of refrigeration in the laboratory in 
which the electrical thermometer apparatus was set up, it was 
impossible to use the brine bath, and so a bath of ice and water 
euateer The temperature of this 


100 


08 24 40 


MOLECULAR WEIGHT AND DEPRESSION, VENEZUELAN OILS AND NAPHTHALENE 
IN BENZENE. 


bath had to remain constant, which rather reduced the ease of 
operation and the accuracy of results. 

Molecular weights at increasing concentrations were determined 
as previously described, and the mean value at zero concentration 
found by extrapolation of the molecular weight/depression curves. 

These results agreed closely with those obtained by the Beckmann 
method, and so serve as a verification of their accuracy. They are 
shown in Fig. 7 and on p. 559. 

Only three of the Venezuelan oils were tested in this way. In 
the case of the Pennsylvanian oils the supercooling period was 
unduly long, and it was only with difficulty that the solvent was 
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induced to crystallise. As a result of which the figures obtained for 
these only were quite inaccurate and were in some cases as much 
as 10 per cent. in error of the Beckmann results. These errors 
were on both sides, and so they were considered to be due to the 
inaccuracy of the method when no precautions are taken to limit 
the supercooling period. These discrepancies are discussed later. 
Up to the present the results had been calculated, using the 
accepted constant for benzene. This was now experimentally 
determined by observing the depression produced by solutions of 
known concentration of pure naphthalene in benzene. 
Then assuming the molecular weight of naphthalene to be 128, 
K is calculated from the formula : We. of Naph - 
, Wt. of Naphthalene 
Molecular Weight = “Wa of Bensens x4 

This was found to be constant over a range of concentrations. 
As benzene appeared to be a satisfactory solvent for the cryo- 
scopic determinations of the molecular weights of lubricating oils 
it was at this stage considered advisable to determine what effect 
variations in the purity of the benzene might have upon the results. 
The importance of this question is increased by the expensive 
nature of pure thiophene-free benzene, and the fact that a de- 
hydrating agent must be present if errors due to variation in the 
moisture content are to be avoided. 

This was experimentally verified by using artificially 
contaminated by the addition of 2-3 per cent. of oil, sodium sulphate 
being present as before. 


true constant can be found from an impure 
benzene provided that the freezing point is determined in order 
to obtain the correct figure for the depression due to the solute 
added. 


The value 50 was taken as the constant :— 


Weight of Weight of Freezing Depression Constant 
benzene. point. 4 K. 
3-04 120-4 5-27 101 51-21 
9-015 120-4 5-27 2-60 
10-26 120-4 5-27 3-33 
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The solution was then cooled and the freezing point determined. 

Three grams of pure naphthalene were then added, and the 
freezing point again found. From the depression produced the 
value of K was calculated as before. : 

This was repeated at varying concentrations. The results for 
both crystallisable and contaminated benzene are shown below, 
and it will be seen that these results agree among themselves, 

8-88 ee 8-16 5-01 
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The published figures for the freezing point of chemically pure 
benzene is 5-48° C., while thet observed for the sample ple of crystallis- 
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The sodium sulphate does not completely dry the solvent but 


CoMPARISON AND ANALYSIS OF RESULTS. 


Fig. 6 shows the curvés obtained by plotting “ molecular weight ’’ 
at each concentration against the depression produced, as deter- 
mined by the Beckmann method, and summarises the most important 
results obtained. - 

The values for the mean molecular weight and volume obtained 
by both electrical and Beckmann methods are given below :— 


Beckmann thermometer Molecular 
method. volume. 


Type of oil. 
Venezuelan 315 315 345 
pale 345 345 
* 500 red 390 390 421 
1100 red 491 
” cyl. oil . 566 — 590 
150 Penna neutral 377 — 445 
Penna residuum . 533 609 
E.W.F. stock 737 os 827 


Used I SCrics © Was . 
ssume that the lower value obtained in the case of the benzene 
was due to the presence of thiophene only we can calculate 
the upper curve on Fig. 12 that the percentage thiophene 
ot was.not more than 0-5 per cent. Hence any error resulting 
the assumption that the benzene is pure (so that the weight 
benzene taken is only an apparent weight) will only be of 
rder of 0-5 per cent., which is within the limits of experimental 
5-668" C., while the freezing point of nitrobenzene dried by sodium 
sulphate was only 5-346° C. It is possible, therefore, that something 
and so gives a constant but low freezing point. 

Fig. 7 shows also a molecular weight depression curve for 
naphthalene. This was plotted by assuming the benzene constant 
to be 50 and calculating the molecular weight of naphthalene from ° 
the above data. It is interesting to compare the shape and slope 
of a typical curve obtained for a pure substance known to give normal 
figures in benzene solution, with those obtained for the oils. 

Electrical 


It will be observed that very good apparent agreement was 
and mercurial thermometer methods, although admittedly the 
possible extrapolation errors are so considerable in both cases 


concentration must be allowed for in all cases. 

It is important to note that the experimental error when using 
the platinum themometer is of the same order as that encountered 
with mercurial thermometers; consequently differences observed 
between the results of repeated concentration are probably chiefly 
due to disturbing factors other than thermometrical. Nevertheless, 
the author prefers the use of an electrical resistance thermometer, 
for, owing to reduction of thermometric lag and the absence of any 
“friction” in the indicating mechanism, far more rapid readings 
are obtained with less trouble. Moreover, even if other disturbing 
factors are in operation the elimination of themometric errors 
which may increase the total error are obviously desirable. It 
should be pointed out here that accurate control of the bath tem- 
perature by means of refrigerated brine could not, owing to accom- 
modation difficulties, be employed in conjunction with the platinum 
thermometer. It would certainly be preferable to do this when- 
ever possible and might have led to a more marked superiority of 
the electrical method as compared with the Beckmann method. 

This was found to be particularly the case with the Pennsylvanian 
oils, especially those of high viscosity, as has been already pointed 
out as being due to supercooling taking a. eee 
with these oils and the rapid promotion of crystallisation in 
difficulty unless the cooling bath is maintained at the appropriate 
temperature below 0° C. The adjustment of the bath to the correct 
temperature and its maintenance at that temperature throughout 
a series of readings is difficult if the only cooling media available are 
freezing mixtures. 

This was strikingly shown in the case of E.W.F. Penna. The 
bath temperature was kept at 0°C. and very wide discrepancies 
were observed between repeated results with solutions of the same 
concentration. The results are shown below, and for comparison 
figures are given for the same concentration as obtained by the 
Beckmann method. 
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that a considerable tolerance in the molecular weight at zero 


GULLICK : MEAN WEIGHTS. 561 


The figures for the Beckmann method were obtained from 
the graph in Fig.6. 

6 it will be seen 
(a) Whereas a pure substance such as naphthalene giving normal 
molecular weight figures when dissolved in benzene, shows 


(6) There is a rough parallelism between the “ molecular weight ” 

curves of all the three Penna oils, in spite of a wide 

difference in molar weight and viscosity ; also, in spite of the fact 
that two are residues and the third a distillate. 


(d) The average slope of the Penna oil curves is greater than that 
of the Venezuelan 

(¢) As the molecular weight of the Penne oils inoreased the slope 
of the curve increased. 

(f) The reverse holds true for the Venezuelan oils, although the 
change in slope is of about the same order. 

(g) For convenience the figures for the absolute viscosities at 
100° F. for each oil is given at the end of the corresponding curves 
on Fig. 6, and it will be observed that when comparing the molecular 
weights of Penna and Venezuelan oils having the same viscosity 
at 100° F., the Penna oil will always give a higher molecular weight. 
It would not, however? be justifiable to deduce from this that 
the Penna oil would necessarily have the lower co-efficient of static 
friction under “ boundary lubrication ” conditions in which oiliness 
as well as viscosity becomes an important factor. (See also para- 
graph 3, page 541, dealing with the value of molecular weight 
determinations). It is hoped that this point will be cleared up 


The question now arose as to the in 

of the slopes of the curves and their sus too the techeaaner 
The latter may be due to one or more of the following causes ;— 
(a) Association of solute molecules with one another ; 
(b) Association of solute molecules with those of the solvent ; 
(c) The formation of mixed crystals. 


axis, all the lubricating oil curves, although linear, deviate . 
considerably from this parallelism, emphasising the importance 
of determining the depression of the freezing point over a 
considerable range of concentrations and obtaining “true mole- 
cular weight ” by extrapolation to zero concentration. 


rapid increase in apparent molecular weight. There is some hint 
of this tendency in the curves for the Venezuelan Spindle, 300 


Pale, and 500 shown in 7, and obtained by the electrical 
of 


0° Cc. ec. 
0-85 0-34 0-50 
21 0-82 1-25 
2-84 1-08 1-69 
3-63 1:38 2-15 
8-49 3-15 5-04 
These are also shown in 8. The lower curve represents mole- 
cular weight against ion, and the upper curve 
ows apparent molecular t against o 
It will be seen that in the case of the latter, although there is a 
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Taking them in turn 

(a) and (b) When association occurs either of the solute molecules 
with one another, or of the solute molecules with those of the 
solvent, it tends to increase with increase of concentration of solute ; 
linear to a marked degree at the higher concentrations giving a 
that it may have been experimental error. 

Association would therefore not appear to occur to any marked 
degree, and if it is the sole cause of deviation from the horizontal, 
the molecular weight values obtained by extrapolation to zero 
concentration should be fairly accurate, for at very low concen- 
trations the percentage of associated molecules will be negligible. 

(c) If the crystals of solvent separating out on freezing are 
contaminated with crystals of solute (giving so-called mixed 
crystals), the laws governing the relationship of true molecular 
weight to concentration and depression of the freezing point no 
longer hold good, and extrapolation to zero concentration may 
give a value for the molecular weight greater than the true one. 

A striking and classic example of this is afforded by the varia- 
tion in the depression in the freezing point of benzene between 
— and calculated values for certain concentrations of 

phene. 

These figures have been kindly supplied by Dr. Ellingham, 

and are shown in the following table :— 

Concentration Observed Calculated 
linear relationship between apparent molar weight and depression 
for varying concentrations of thiophene, that extrapolation to 
zero gives a value 124, whereas the true molecular weight of thio- 
phene is 84. | 

If, therefore, the slope of the apparent molecular weight de- 
pression curves for the oils examined is due, or mainly due, to 


28 
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mixed crystal formation (see again Figure 6) the figures obtained 
for mean molecular weights at zero concentration must all be too 
high and may not even show a constant relationship to the true 
values. We have, however, no reason to suppose that mixed 
crystal formation has taken place for the following reasons : 

1. Lubricating oils (apart from the small percentage of paraffin 
wax which they may contain) are highly amorphous and very 
difficult to crystallise, if, indeed, they can be crystallised at all, 
either on cooling the oils themselves or their solutions in benzene. 

2. A. H. Steed, in his work on the determination of the molecular 
weights of light petroleum fractions, obtained apparent molar 
weight-depression curves very similar to those given by the lubri- 
cating oils, but on checking the results obtained on 
to zero by vapour density methods obtained good agreement 
between the two determinations. The slope of the curves can, 
therefore, have been due to association only. The absence of 
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Depression, °C. 
Fie. 8. 
MOLECULAR WEIGHT-DEPRESSION FOR THIOPHENE IN BENZENE. 


mixed crystal formation in the case of the high petroleum spirit 
fractions renders it unlikely that they would occur with the higher 

Whilst the verification of molecular weights of lubricating oils 
obtained by cryoscopic methods, by means of vapour density 
determinations, is impossible at pressures, 
and probably also very difficult, if not impossible, under high vacua, 
evidence of the accuracy of the cryoscopic method would 


oils completely without their undergoing any chemical decomposi- 
tion. Time did not, however, 
verification being carried out. 
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| have been afforded by comparing the cryoscopic molecular weights 
of very light oils with vapour density determinations under vacua, 
and at temperatures sufficiently high to vaporise the lubricating 


3. A further verification of the truth of the assumption that the 
true molecular weight is obtained by extrapolation is shown by 
the fact that the value obtained for the mean molecular weight for 
Venezuelan Spindle as determined by the electrical method using 
nitrobenzene (see Figure 4) was approximately the same as that 
subsequently obtained using benzene. 

The Venezuelan Spindle oil was the only one of all the samples 
examined which gave a linear curve with nitro-benzene, and is, 
therefore, the only one available for comparison. It is probable, 
however, that asphalt base lubricating oils of similar and lower 

ity would have shown an equally good agreement, provided 
that they gave linear curves with nitrobenzene (indicative of their 
solubility in this medium even at low temperatures and high 
concentration). 

Mow i that, if mixed crystal formation did occur 
with both solvents, it would do so to the extent giving equally 
high apparent mean molecular weights. 

This also serves to afford an answer to Mabery’s criticism of 
Wilson’s use of benzene as a solvent in cryoscopic work. When 
reasonable agreement is observed between molecular weights for 
the same substance, using different solvents, it is probable that 
the values are correct ; this probability increasing with the number 
of solvents found to give similar values. 

The rectilinear nature of the curves obtained for all the oils 
when benzene was used as the solvent indicates that in no case was 
the oil precipitated from the solution either in crystalline or an 
amorphous condition (cf. the curves obtained for the oils with 
nitrobenzene as solvent, Figure 4). 


MotecuLaR WEIGHTS AND PuysicaL PROPERTIES. 


Having obtained values for the molecular weights of the lubri- 
cating oils in the manner described, curves were drawn showing 
the relationship between molecular weight and other physical 
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properties of the oils. tl 
Figure 9 shows the relationship between molecular weight and in 
specific gravity at 100° F. 
Figure 10 shows molecular weight and refractive index at 15° C. 
Figure 11 shows molecular weight and absolute viscosity. Log 
values are plotted. 
Figure 12 shows molecular weight and viscosity. in 
Figure 13 shows molecular weight against the open and closed P 
In each case it will be seen that two distinct curves are obtained m 
for the Penna and Venezuelan oils. vi 
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Penna curves have been drawn as straight lines, and in the 
Figure 9 this is justifiable, as both molar weight and specific 
are additive properties. Possibly, also, with refractive 
10). 
case of Figures 11 and 12, 
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Fis. 9. 
MOLECULAR WEIGHT AND SPECIFIC GRAVITY. 


the Venezuelan curves are co-linear, the curvature as a whole being 
indicated by the lower and higher members of the series. 


INTERPRETATION OF THESE CURVES. 


1. For a given molecular weight the specific gravity, refractive 
index, and viscosity, are higher for the Venezuelan than for the 
Penna oils. 


2. The fiash-points for a given molecular weight are approxi- 
mately the same for both types of oil. Possibly the percentage by 
volume of oil distilling up to a given temperature—e.g., 300° C. at 
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@ given pressure, e.g., 10 mms.—amight be similar for each type of 
oil of equal molecular weight. 

3. Accepting the Penna oil curves as being correctly linear, we 
may say that specific gravity, refractive index, log viscosity, 
absolute viscosity, and flash-points, are directly proportional to 
the molecular weights in the case of the Penna oils. 


4. In the case of the Venezuelan oils also the gravity, 
refractive index, viscosity, etc., increase with weight, 
but not in strict proportion. 
Penne Cle. 
/ 
450 
f 
4 
350 
1-48 1-50 1-52 
Refractive Index. 


5. The increase in specific gravity and refractive index with 
increase in molecular weight is small, while that with viscosity is 

Summary. 
__ In this investigation the determination of the mean molecular 
weights of a considerable number of lubricating oils of two distinct 


types by cryoscopic methods is described. 


Be 


Two separate methods were used, the one employing a platinum 
resistance thermometer and the other a mercurial thermometer. 
In both methods benzene, to which had been added a small amount 
of drying agent, was used as the solvent. 


The freezing points were obtained graphically. . 
at 


7 17 = 
J A 
26 


15 Tog. VY. 


MOLECULAR WEIGHT AND VISCOSITY (LOG VALUES PLOTTED). 
“Molecular weights” at increasing concentrations were calcu- 
lated and ‘“‘ Molar weight” depression curves plotted. Extrapola- 
tion of these curves to zero concentration gave the mean molecular 
weight. 
The curves were linear but were not horizontal; the cause of 
sloping was discussed and attributed to association rather than 
mixed crystal formation. 
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gi summary 
method, and the Table V. gives a summary of the main physical 
properties of the oils employed. 


Absolute viscosity. 
Fie. 12. 
MOLECULAR WEIGHT AND Viscosiry AT 100° F. 


varying viscosity and types, both distillates and residues, 
determined by eryoscopic methods with an accuracy of + 1 
per cent., provided that suitable solvents are employed and the 
procedures described closely adhered to. This degree of accuracy 
exceeds that obtained when working with pure substances under 
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1. The molecular weight of mineral lubricating oils of widely 
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2. Benzene is a satisfactory solvent for cryoscopic work on both 
paraffin and asphalt base mineral lubricating oils. 

3. This is rendered feasible by the presence of anhydrous sodium 
sulphate as a “drying” agent. Its presence during the actual 
determination is found to cause no interference in the obtaining of 
accurate results. 


? 


Molecular weight. 


Temperature, ° F. 
Fic. 13. 
MOLECULAR WEIGHTS AND FLASH-POINTS. 


4. Nitrobenzene is unsatisfactory for all except the low viscosity 
asphaltic base oils, owing to the poor solubility of the others at low 
temperatures ; when it can be ea the results compare fairly 
closely with those obtained with benzene. 

5. It was found essential to maintain a constant temperature 
difference between the cooling bath and the freezing-point at 
various concentrations if consistent results were to be obtained. 
For this purpose refrigerated brine offered great facilities. 
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6. Electrical resistance thermometers function satisfactorily in 
the determination of the freezing-point depressions and are prefer- 
able to the mercurial type. 

"7. All the oils gave lineat apparent molecular weight depression 
curves, using benzene as a solvent. These are not parallel to one 
another or to the depression axis, and resemble those obtained by 
A. H. Steed for the lower petroleum fractions. 

8. The slopes for the Penna oils are sharply distinguished from 
those of the Venezuelan. 

9. This is also true of the curves showing the relationship between 
molecular weights and other physical properties. 
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The Total Heat and Specific Heat of a series of Fractions 
of Petroleum Oil, and their Relation to Other Properties. 
(Persian Oil Fractions)*. 

By H. R. Lane, Ph.D., F.Inst.P., Research Fellow, Institution of 
Petroleum Technologists, and R. Jesszer, B.Sc., A.Inst.P., 

Demonstrator, Imperial College of Science. 


Part VI.—TuHe PREPARATION OF THE SAMPLES, AND THE DETER- 
MINATION OF THETR WEIGHTS AND OTHER 
PROPERTIES. 


By H. R. Lane, Ph.D., F Inst.P. 

1. Introduction.—In continuance of the study of certain physical 
properties of fractions prepared from different types of crude oil, 
measurements have now been made on samples prepared from 
Persian crude oil. The general scheme of the work, and the methods 
employed have already been published,! and form the earlier parts 
of this series of papers. 

The more general discussion and inter-comparison of the results 
have been postponed until the empirical relationships that appear 
to hold have been further tested by the measurements which are 
now being made on a set of samples prepared from a Venezuelan 
crude oil. It is hoped that such equations will help to reduce the 
present large number of standard tests necessary to specify a 
petroleum product. 

2. The Preparation of the Samples.—The five close-cut fractions of 
25°C. boiling range were prepared by redistilling straight-run 
benzine and kerosine, using the same still and method of blending as 
for the Miri fractions (Part I.) in order that they should be com- 
parable. Ten batches of the benzine and five of the kerosine were 
distilled, and the average figures obtained are given below :— 


Taste I. 
Volume. 
3 
Boling range 76-100 100-128 125-150 160-178 178-900 
18-7 20-6 14-0 
From kerosine 3-2 21-5 24-8 


The initial boiling point (vapour temperature at the top of the 
column) was well below the laboratory temperature for the benzine, 
and for the kerosine it was 128°C. The end-point of the benzine 
was 174°C. and the distillation was therefore stopped at 150° C. 
and the residue put to Fraction 4. 


* Paper received.May 12th, 1931. 
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These distillations were carried out in the oil technology depart- 
ment of the college with the assistance of Mr. Jessel, and we desire 
to place on record our thanks to the members of that department 
for so kindly placing its facilities at our 

The samples were kindly supplied by the Anglo-Persian Oil 
Company, who also gave the following data :— 

3. Analyses and Particulars of Samples—‘‘The benzine and 
kerosine have been prepared by straight distillation on Persian 
crude and represent 27-5 per cent. by volume of benzine and 
16-5 per cent. by volume of kerosine on the crude. The samples 
have received no chemical treatment other than a small alkaline 


The following are the analyses :— 
Benzine Kerosine. 
at 60° F. 0-723 0-799 
it (Abel) ab 120° F 
boiling point 33° 66°C 
ili c. 1 
Over at 50°C. 3 
75° C. 19 
100° 
125° C. 66 
150° C. 83-5% 
175° C. 3-5% 
200° C. 45 
225° C. 77 
ap 009 0-1 


eryoscopic method was employed, using nitrobenzene as solvent, 
and a platinum resistance thermometer for the temperature 
measurements. Details of the apparatus and the method have 
already been given by Steed in Part IV., and his calibration of the 
solvent has been used in these experiments. The apparent value 
of the mean molecular weight was again found to be a linear function 
of the depression; the value at zero depression has therefore 
been taken as the mean molecular weight in each case. The 

point of the nitrobenzene was found not to vary by more 
than three hundredths of a degree Centigrade from sample to sample 
taken from the same stock bottle, and dried over anhydrous sodium 
sulphate in the same way. The samples, however, from a new supply 
all had freezing points about one-tenth of a degree Centigrade lower, 
but agreed among themselves. This indicated that the contents of 
the second bottle was not so pure as the first, and the question arose 
as to how this would affect the calibration and therefore the results. 
This was tested by repeating the experiments for Fraction No. 2 
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with this new supply, when the values were exactly in line with 
those previously obtained using the original supply of solvent 
(Fig. 1). The same thing has already been noted by Gullick*, who 
deliberately contaminated a sample of benzene, and within the 
accuracy of his experiments the cryoscopic constant was unchanged. 
This is an important point, as it demonstrates that it is unnecessary 
to use specially purified solvents so long as the freezing point is 


AN 


4 2 4 6 
Depression of Freezing point in °C. 
Fi. 1, 


in Table II., and are shown graphically in Fig. 1. 
As in the case of the Miri fractions (Part IV.) the slope of the 


values for the lightest fraction is little larger than would be 
anticipated from the other fractions. 

The molecular weight bears a linear relation to the specific 
gravity (Fig. 2) and to the refractive index, and as the extrapolation 
to zero depression was uncertain by 1 or 2 per cent. these relations 
were used as a deciding factor. It has therefore to be borne in 
more apparent 

In so far as the molecular weight is a linear function of the 
specific gravity, the relations of other properties tc the molecular 
and are not 


time. 
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5. Other Physical Properties —(a) Boiling point.—In Fig. 2 the 
mean boilding point of the five close cut fractions is plotted against 
the specific gravity. The curve is slightly convex towards the 
specific gravity axis, whereas for the fractions made from Miri crude 
oil it was concave, and each of the latter fractions was about 4 per 
cent. heavier than the corresponding Persian one. 

(5) Refractive index.—The refractive indices were measured at 
20° C. using an Abbé refractometer and are in terms of the mean 
wavelength of “ sodium light.” The values are given in Table II. 
and are plotted on a specific gravity base in Fig. 2, which exhibits 
the linear relation between these two quantities. 

The value of the “ empirical specific refraction’ R is given in 
the last column of Table II. :— 

R=(Mgg-1)/dyg where index at 20° C. 
dyy=density at 20° C. 

This quantity has been shown to be almost independent of 
temperature for any one substance, but has the same value for 
each of the present set of samples. Further, its value is almost 
identical with that given here for the fractions prepared from 
totally different types of crude oil. As indicated in the intro- 
duction to this part of the paper, this matter is being further 
investigated and will be discussed in later papers. 

(c) Expansion coefficients and specific gravity—The coefficient 
of volume expansion has been measured by means of a weight 
dilatometer method for each of the five fractions, between about 
6° C. and 50°C. These results are given in Table II. and are 
plotted on a specific gravity base in Fig. 2. get oghle 
the values are in terms of the volume at 15-56°C. (60° F.), and 
par 60° F. /60° F. has also been 
calculated. The Bureau of Standards’ tables (Circular 154) give 
values 5-9 per cent. lower for oils of corresponding specific gravity, 
and the divergence increases with decreasing specific gravity. 

readings and found to agree with the hydrometer measurements 
to the accuracy with which these could be read. 
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Taste II. 
Sp. Reft. vol. Specific 
gr. to sp. gr. 
Boiling at Mean index expansion at refrac- 
Fraction. <> 60° F./ mol. at per 60° F./60° F. tion 
6o°F. wt. 20°C. I1°C. per 1°C. R. 
No.1 .. 75-100 0-7238 85 1-404 0-00126 0-00091  0-5618 
2 .. 100-125 07446 100 1-415 000117 0-00088  0-5608 
.. 125-150 0-7640 114 1-426 0-00110 0-00084  0-5608 
4 .. 150-175 0-7807 126 1-436 000102 0-00080 0-5615 
5 .. 175-200 0-7940 135 1-442 000097 0-00077 0-5598 - 
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Part VII. Tae TemPERaATURE VARIATION BETWEEN 0° C. AND 
100° C. oF tHe Specrric Hear. 


By R. Jessex, B.Sc., A.Inst.P. 


1. Introduction—This part of the paper describes experiments 
carried out by the continuous flow electric method between 0° C. and 
100° C. on the close cut fractions prepared from Persian oil as 


fractions of the oil under investigation, a rather more extensive 
series of experiments was performed. As in the previous paper 
total heats were obtained by integration. 

2. The Results —The following table gives the results obtained. 
The specific gravities are the mean of the values at the end af each 


60° F. by the temperature coefficients experimentally determined 
and given in Part VI. The value of the mechanical equivalent 
of heat has been taken as 4-180 joules per calorie, so that the 


results are in terms of the 20°C. calorie. All temperatures have 
been vbr to the gas scale, 
Taste III. 
Mean 
boiling range. F./60° F. Cals./gm. ° C “c 
0-4792 10-4 
0-5084 37-7 
0-5087 37-9 
0-5143 45-8 
No.1 .. 07238 os 0-5221 ibe 51-0 
(75° C.-100° C.) 0-5219 PFS 53-3 
0-5244 os 56-7 
0-5314 62-5 
0-5360 68-7 
0-4653 40 
0-4720 11-2 
0-4984 38-3 
0-5150 » 55-3 
0-7446 0-5265 65-4 


Fraction No.2 .. 
(100° C.-125° C.) 
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hibits described in Part VI?. In order to ascertain whether the apparent 

: peculiarities of the specific heat-temperature curves for the two 
=m lighter fractions of Miri oil were noticeable with the lighter 
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‘5618 0-5423 oe 82-2 ; 
0-5517 oo 88-5 
5608 0-5516 ee 89-2 
5615 0-5561 oe 95-1 
5598 
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Specific Mean 
boiling range F./60° F Cals./gm. ° C. 0. 

0-4615 4-2 

0-4919 36-8 
Fraction No.3. .. . 0-7640 0-5229 68-2 
(125° C.-150° C.) 0-5372 82-5 
0-5420 86-8 
0-5499 94-0 

0-4648 

0-4904 36-0 

Fraction No.4 .. 0-7807 0-4952 41-5 
(150° C.-175° C.) 0-5176 63-6 
0-5368 54-9 

0-5460 90:5 

0-4627 4-0 

0-4633 5-5 

Fraction No.5 ..  0:7940 0-4838 30-1 
(175° C.-200° C.) 0-4837 em 30-1 

q 05153 ae 62-3 

0-5408 -. 889 


“These results are plotted in Fig. 3. 
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' 3. Discussion. of the Results —For the greater part of the range 
the specific heat varies linearly with temperature, and the co- 
efficient of increase is 0-00098 per degree Centigrade for all the 
fractions. Fractions Nos, 4 and 5. showed a diminution in slope 
towards 0° C., and this is due probably to some of the constituents 
having freezing pointa in the neighbourhood of this temperature. All 
the fractions contained large quantities of dissolved air, and the de- 
aerating apparatus had to be used with Fraction No. 3 at temper- 
atures_as much as 60° C. below the initial boiling point (vapour 
temperatures). Fraction No. 2 above 80° C. gave a curve similar to 
those obtained with the lighter Miri fractions, viz., an increase 
in slope followed by @ diminution, but the results for Fraction 


No. 1 seemed. to. indicate t. the temperature variation was 
again linear and ef slope 0-00008 —— A few results however 
were obtained that were 5 or 6 parts in 1000 higher than the 


straight line graph. In hon experiments the de-aerater was 
working at about 1°C. above the outflow temperature and it was 
noticed that isolated small bubbles of air or dissolved gas were 
released from the calorimeter, due probably to superheating in 
the immediate neighbourhood of the heating strip. When the 
de-aerater was working at about 8°C, above the outflow tem- 
perature, no air or dissolved gas was released 4nd the results 
obtained fell exactly on the straight line graph. —_ 

The equations which best represent the straight line portions 


Fraction No. 1 8=0-4697 +-0-00098t 
No.2 .. .. 8=0-4610+-0-00098t 
oe .. 8=0-4565 
No. 4 8=0-4840+0-00098 (t-30) 
8 =0-4735 +0-00098 (t-20) 
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i 
were used as the basis of the total heat tables given in Part VIII. | ‘ 
The presence of small bubbles in the calorimeter seems to 
facilitate the formation of vapour molecules in solution and to 
aid any absorption of energy due to change of co-aggregation 
(Part V.1). Experiment shows however that even when air is 
released the results are reproduceable to a considerable degree 
of accuracy. This may be due to the fact that only a minute 
quantity of air is released in any experiment, or alternatively 
the air may act somewhat in the nature of a catalyst, its mere 
presence allowing changes to take place. More evidence must 
be. obtained’ before the action of air or dissolved gas can be fully 
understood, and until then the theory can only be very specu- 
lative. We can definitely say, however, that the release ‘of 
dissolved gas has a considerable effect on the specific heat of 
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the fractions, giving rise always to results higher than the normal 
values. This is amply demonstrated by the results for 
Fraction No. 4. A series of values was obtained not using 
the de-aerater and the result at 90-5°C. was found to be 0-4 per 
cent. higher than a line of slope 0-00098 per ° C. drawn through the 
other points. Two further experiments were therefore performed 
—after an interval of three months—but this time with the 
de-aerater working and the points lay on the straight line to 
within 1 part in 500. It was also noticed that air was first 
released in the de-aerater at about 90°C. It should be borne in 
of the order of 1 per cent.—this is due to the air modifying the 
substance under experiment and not to any decrease in the 
accuracy of measurement, for these results are accurate to at 
least 0-2 per cent. 


0-51 
joo 

0-45 

0-70 0-74 0-78 0-82 0-86 0-90 0-92 
Specific Gravity at 60° F./60° F. 


Fie, 4. 

The experiments by Dr. Lang (Part VIII.) above the initial 
boiling point (vapour temperature) with de-aerated specimens 
give points on the extrapplated line of the results at lower tem- 
peratures, and this demonstrates how the formation of vapour 

4. Variation of Specific Heat with Specific Gravity—The relation 
between the specific heat at 30°C. and the specific gravity at 
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| | 18 in | in | are 
some results (not yet published) obtained for the specific heat 
at 30° C. of gas oil and spindle oil from the same crude. A straight 
line can be drawn among the points to an accuracy of 0-5 per cent. 
It will be seen that although the results for the fractions lie on a 
smooth curve, very misleading results can be obtained by extra- 
polation. Fig. 4 also gives graphs representing the formule of 
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Fortsch and Whitman’ and of Cragoe.* It shows that the agree- 
ment of these equations with the experimental results is 
only fair for the range considered, the values being about 2 per 
cent. too high at the lowest gravity and the same percentage 


too low at the highest. The present ts further 
the observation that the temperature coefficient of specific heat 
is independent of specific gravity. 


Parr VIII. Torat Hear or Tue Liqurps. 
By H. R. Lane, Ph.D., F.Inst.P. 


above this temperature. The method used was that of “ continuous 
mixture,” the drop of toal heat of the stream of liquid is measured 


2. Method of Reduction of Results.—It was shown in Part III. 
that the equation to the method may be written 
H, =H, +sd@M /m +2d0/m 
where H, and H, are the total heat of the liquid in calories per 
gm. at the temperatures of inflow and outflow. 
s the mean specific heat of the water in cals. /gm. ° C. 
dé@ the rise in temperature of the water in ° C. 
m the rate of flow of the oil in gms. /sec. 
M the rate of flow of the water in gms./sec. 
z the heat loss per degree rise—a constant. 
By changing the rates of flow two such equations were obtained 
which z was eliminated. The value of H, was then 
i of the rates of flow in the two 
it was not usually convenient to choose flows 
very widely different (about a two to one ratio was usually used). 


with fair precision, not only would the measurements of the total 
a little more accurate, but one rate of flow would suffice 
to yield a result. Now this small e of z was found from the 
i two large, nearly equal quantities, and consequently 
an error of 1 part in 1000 in one of these made about 10 per cent. 
the calculated value of z ; 

be 
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- 1. Introduction.—The total heat of the close cut fractions has been 
/ measured up to their initial boiling point and in one case a little 
by cooling it with a stream of water; the apparatus has been 
described in Part III! Owing to the large quantity of air which 
these fractions dissolved it was found desirable to add a de-aerating 
device to the apparatus. This was exactly similar to that used 
in conjunction with the electric flow apparatus, an account of 

which was given in Part II. 
| good average value. Some 30 separate experiments having 
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value of 2 has been adopted, and the whole of the results for the 
fractions re-calculated on this basis. This conclusion is further 
supported by the fact that this improved the general agreement 
among the results themselves. ; 

- The values of the total heat at the lower temperature (H,) 
have been calculated by integration of the specific heat curves 
obtained by Mr. Jessel (Part VII.). 

4. Summary of Observations and Discussion of Resulis—In 
Table IV. is given a summary of the results. The values 
in the column headed “calculated” have been obtained by 
integrating the specific heat curves, and extrapolating the straight 
portion. The total heat at 0° C. has been chosen as zéro in each 
case, and the results are in terms of the 20°C. calorie. -Except 
in a few cases each “run” was repeated under as near identical 
conditions as possible, and these pairs agreed on the average to 
about 1 part in 600. Only the means of the pairs are given in 
the table. The specific gravity was measured at frequent intervals 
throughout the experiments, and remained in good agreement 
with the original values, except for the heaviest fraction (No. 5) 
which increased by 0-25 per cent. towards the end of the series. 


Fraction. 


No. 3 
125°-150° C. 


No. 4 ac 
150°-175° C. 


now been performed, under the same conditions, the average I 
var 
sen 
of | 
bou 
abc 
fou 
the 
wit 
the 
de- 
hea 
not 
the 
10° 
of 
fro 
fitt 
Th 
Tasiz IV. 
Boiling range. Cc. Obs. Cale. % diff. Te 
100-90 .. 51:10 .. 5106 .. +010 
10875 .. .. 5648 .. 
100-34 .. 6567 .. 65-77 .. —O-18 
119-30 .. 62-69 .. 61:72 .. —0-065 
100-02 .. .. .. +037 
104-94 .. 6321 .. 53-16 .. +009 
104-04 .. 63-25 .. 53:16 .. +017 
105-57 .. 83°48 .. 65363 .. —0-09 
112-04 .. 66-84 .. 57:14 .. —0-52 
120-47 .. 6161 .. 61904 .. —053 
19047 .. 61-65 .. 61°04 .. —0-47 
120-46 .. .. 6198 .. 
120-81 .. 62839 .. 6243 .. +041 
120-85 .. 6242 .. 6216 .. +043 
120-24 .. 6686 .. 6699 .. —O0-20 
140-41 .. 73-79 .. 7354 .. +064 - 
151-24 .. 7987 .. 8001 .. 
; 11203 .. 56-79 .. 57-04 .. —O44 
112-03... 57-07 .. 5704 .. +005 : 
No.6 21921 .. 6700 .. 5716 .. —026 
. 175°-200° C. 129-38 .. 6667 .. 6697 .. -—0-45 
150-52 .. 7053 .. 79-47 .. +007 ar 
150-62 .. 7971 .. 7947 .. +030 
1045 .. .. O65 .. —004 Sp 
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It. is again concluded that fot these close cut fractions the 
variation of the total heat with temperature may be well repre- 
sented by parabolic equations. This méans that the variation’ 
of ‘with linear tie theigh- 
bourhood of 0° C., of. Part VII.).. 

A determination was made of the total heat of Fraction No. 4 
above the initial boiling at (vapour temperature) and it ra 
the values below this temperatare. A similar result was Sbaaiined 
with one of the Miri fractions (Part III.). This lends support to 
the observation made by Mr. Jessel in Part VII., that the 
de-aeration of the liquid prevents the rapid increase of the specific 
noted in some of our earlier experiments. 

Table V. gives the total heat of the fractions from 0° C. up to 
their initial boiling points (vapour temperature) at intervals of 
10°C. These valies have been obtained by graphical integration 
of the specific heat curves over the portion where these deviate 
from linearity, and thereafter by calculation from the equations 
fitted to the results of the continuous electric and mixture methods. 
The mode of use of such a table has been given in an earlier paper.® 

V. 


Total heat. Cals./gm. 
Fraction. 


°c ‘No. 1. No. 2. No. 3. No. 4. No. 5. 
0 0-00 0-00 0-00 0-00 0-00 
10 475 4-66 4-61 4-65 4-63 
20 9-59 9-42 9-33 9-34 9-32 
30 (14-63 1427 1410 
40 19-57 i922 «19-04 1903 
50 24-71 24-28 24-05 24-02 23-97 
60 29-95 29-42 29-15 29°10 29-04 
70 35-28 34-67 34-36 34-28 34-22 
80 40-02 39-66 39-56 39-49 
90 45-46 45-05 44-04 44-87 
100 5100 5055 50-42 50-34 
110 56-14 56-00 55-90 
120 61-84 61-67 61-57 
130 67-33 
140 73-31 78-20... 
150 ; 79-28 79-16 
160 85-21 
170 91-37 


Suamary.— The study of close ‘cut fractions has been continued, 
and measurements have now been made on five sach fractions 
specially prepared from Persian oil. As before, the specific heat and 
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din. diameter add 
In bottles 1-5/16 in. diameter add 10% to observed angle. 
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total heat of the liquid and their variation with temperature have 
been determined, as well as the mean molecular weight, refractive 
index, specific gravity, and expansion coefficient. The influence 
: of dissolved air or gas on the specific heat is noted, and the 
“ empirical specific refraction” shown to be a constant. 
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CURRENT PETROLEUM NOTES. 

Preventing Losses of Gasoline by Evaporation.—Tests made by the U.S. 
Bureau of Mines indicate that light-coloured paints, tank-housing and 

; increased operating pressures each materially reduce lgsses in storage tanks, 
and that a combination of the first two would probably be most effective 
and economical. It is believed that it will be economical to use relief valves ; 
which close quickly and tightly as soon as the pressure in the tank is reduced 
to the operating pressure of the valves. 

The tests show the advantage of designing tanks to operate under at 
least 5 Ib. pressure, and in old installations to equip the tanks with relief 
valves which operate under at least 3 Ib. pressure. 

Details of the tests are given in Report of Investigations 3138, ‘‘ Reduction 
of Evaporation Losses from Gasoline Bulk-Storage Station Tanks,” by 
L. Schmidt and C. J. Wilhelm. 

Motor-Gasoline Survey.—The 23rd semi-annual survey of motor gasoline 
marketed in the U.S.A. deals with 312 samples, of which 207 were “ com- 
petitive-price gasolines” and 105 were “ premium-price motor fuels.” 
Part I. (Report of Investigations 3129) deals with gravity, Reid vapour 

. pressure and distillation, Part II. (R.I. 3142) with corrosion and sulphur 
content, and the third and concluding part will give the regults of other 
tests when completed. : 

Acid Bottle Inclinometere.—It has been found, as a result of a number of 
are considerably affected by the size of the bottle, the readings showing a 
lower deviation than the actual. 
Corrections should be made as follows :— 

In bottles jin. diameter add 25% to observed angle. 

Users of such inclinometers would be well advised to make tests on the 
surface to ascertain the exact correction needed for their particular instrument. 
This information is published by courtesy of the Burmah Oil Company. 

B. J. Excis. 
Page 502; line 19. For “800” read “ 1000.” 
Page 502; line 31. For “7200” read “7000.” 
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